The recent availability of large format near-infrared detectors with sub-election readout noise is revolutionizing our approach to wavefront sensing for adaptive optics. However, as with all near-infrared detector technologies, challenges exist in moving from the comfort of the laboratory test-bench into the harsh reality of the observatory environment. As part of the broader adaptive optics program for the GMT, we are developing a near-infrared Lucky Imaging camera for operational deployment at the ANU 2.3 m telescope at Siding Spring Observatory. The system provides an ideal test-bed for the rapidly evolving Selex/SAPHIRA eAPD technology while providing scientific imaging at angular resolution rivalling the Hubble Space Telescope at wavelengths λ = 1.3-2.5 μm.
INTRODUCTION
As part of ongoing detector evaluation at the Australian National University (ANU), we are undertaking to deploy a Lucky Imaging instrument on the 2.3 m telescope at Siding Springs using a Selex SAPHIRA near-infrared electron Avalanche Photo-Diode (eAPD) array, capable of high cadence imaging with frame rates of 10 -5,000 Hz over the wavelength range of 0.8 µm to 2.5 µm. The controller for the initial development phase of the project will be an ARC SDSU Series III. A demountable cryostat for telescope operations will be developed in-house at ANU based on a design adaptation of the ANU/WiFeS instrument cryostat. 2 A principle aim of this project is to develop in-house expertise with the emerging eAPD detector technology which is changing the paradigm for near-infrared wavefront sensing in astronomy.
In the first instance the instrument will be deployed on the ANU 2.3 m telescope at the Siding Spring Observatory. Simulations have shown that the instrument will be near diffraction limited with a field of view of ≈ 30" × 30" with image sampling at 0.12". 6, 7 The cryostat will be designed as a generic focal plane instrument suitable for high-cadence photometry and Lucky Imaging at other observatories.
In addition to demonstrating the science capability of the technology through the deployment of the Lucky Imaging instrument, delivering a prototype low readout-noise focal-plane wave-front sensor, essential for the Giant Magellan Telescope (GMT) adaptive optics (AO) and part of the GMTIFS instrument concept, 3 will mitigate a major programmatic risk for the next generation of telescope facilities.
READOUT ELECTRONICS
The readout electronics will consist of a detector PCB carrying the Selex SAPHIRA APD and cryogenic preamplifiers interfacing to a 32 channel ARC SDSU III detector controller.
The venerable ARC SDSU III has been identified as the initial test controller due to our existing in-house experience with this devices (e.g., NIFS, GSAOI, WiFeS 2, 4, 5 ); however it is envisaged that alternative controllers will be interfaced to the system in the future. The in-house expertise with programming the SDSU lends itself well to this project as it will Care has been taken to ensure that the circuits have been designed to minimise the noise in the readout chain. The ground planes are cut out around high impedance pins to avoid coupling between the signal pins and the ground plane. This is particularly significant for the input pins on the operational amplifiers on the cryogenic preamplifier circuit. The circuit boards all have internal ground planes to separate the analogue and digital signals as well as the differential and single ended signals. The clocks, biases and power signals are laid out over their own independent ground plane linked up to either the digital or analogue grounds. All differential pairs are balanced with equal length tracks and chamfered corners. 
Detector PCB
The detector PCB is primarily designed to carry the APD which is packaged in a 68-pin leadless package. However due to space constraints on the preamplifier circuit the bias filtering has been added to the underside of the detector PCB. The biases do not vary with increasing readout speeds, and so the heat produced by the filtering circuits will remain constant regardless of the readout speed. A middle ground layer in the PCB will be connected to the second stage cold head and cooled to the same temperature as the detector, which will provide additional radiation isolation between the filtering circuits and the detector. 2  1  2  1  2  1   47  49  37  39  41  43  45   38  40  42  44  46  48  50   3  1  5  7  9  11  13  15   8  10  12  14  16  68  2 The APD will be cooled by a spring-loaded copper block in contact with the back of the Leadless Chip Carrier (LCC) package. The copper block will then be connected to the second stage cold head via two copper straps. To accommodate cooling, the SAPHIRA APD will be mounted to the detector PCB in an off-the-shelf 68-pin PLCC socket with the bottom cover removed. The PCB has a square cutout that matches the square cutout of the PLCC socket, as shown in Fig. 2 .
The detector PCB and cooling interface will be enclosed within an aluminium box and cooled to the same temperature as the APD. The design for the detector PCB box has not been finalized, but the box could potentially act as an active radiation shield and photon shield.
The flex cable connecting the detector PCB to the preamplifier circuit will pass through a thermal shunt as it exits the detector box to isolate heat transfer between the two circuit boards. The flex cable has been kept to a length of 32 mm. Figure 3 . Assembled and exploded views of the detector PCB assembly with cold straps and thermal shunt. Also shown is the path the cold straps take around the cryogenic preamplifier box.
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Cryogenic Preamplifier
The cryogenic preamplifier is a 32 channel instrument amplifier which is an extension of an existing 6 channel cryogenic preamplifier circuit designed and tested at the ANU to interface the Teledyne H1RG/H2RG detectors to the ARC SDSU III controller. The instrument amplifier circuit includes two OPA2354 op-amps which have proven to be very robust in cryogenic environments. The ANU has an existing detector mount design which can accommodate the Teledyne SIDECAR ASIC. To leverage the existing detector mount design, the cryogenic preamplifier circuit has been sized to occupy the same footprint as the Teledyne SIDECAR.
The cryogenic preamplifier circuit design has been tested at cryogenic temperatures as low as 50 K while interfaced to a Teledyne H2RG ROIC. During testing with the H2RG, the differential video signal from the preamplifier has proven to be robust against external interference.
The cryogenic preamplifier circuit is separated from the detector PCB to reduce the risk of glow from the op amps at the highest readout speeds. The cryogenic preamp circuit when operating at the highest frame rates will dissipate up to 340 mW of power. Maintaining the cryogenic preamp circuit at a higher temperature than the detector will reduce the load on the cooling system. The op-amps are actively cooled through the ground plane through the 4 mounting holes at each corner of the PCB. The cryogenic preamplifier and cooling interface will be enclosed within an aluminium box which will be cooled to the same temperature as the cryogenic preamplifier and could potentially act as an active radiation shield. The cryogenic preamplifier box has 4 small copper cold straps that will be screwed onto the top face of the preamplifier at the edges via holes. The cold straps will then go around the rear preamplifier box and join to a copper block which is directly connected to the cold head of the cryostat.
Detector Controller
The detector controller to be used initially will be a 32 channel ARC SDSU III. This controller has been chosen because it is easily available and we can leverage the considerable in-house knowledge to fully investigate and evaluate the features and performance of the latest Selex SAPHIRA with the ME1000 ROIC.
The SDSU controller does not have the capacity to push the SAPHIRA to the limits of its readout speed. The SDSU will only ever achieve a maximum frame rate of 100Hz, 1 but this will be sufficient to provide near-infrared images approaching the clarity of the Hubble Space Telescope at the ANU 2.3 m telescope at Siding Springs. The SDSU is also capable of reading out windowed regions of interest at the 1 kHz rate, which will allow us to investigate the suitability of the SAPHIRA device for the GMT AO systems.
Temperature Interlock
The APD array can become temporarily damaged when operated above 150 K at anything above minimal avalanche gain. This is thought to be caused by hot electron damage to the weak Hg bonds. To ensure the safe operation of the array, an interlock circuit has been designed into the front plane board on the SDSU controller. The interlock is not powered up until the temperature has dropped below 130 K. If the array is accidently operated at higher temperature it can be completely restored with a short bake of a few hours at 50°C. While the damage done to the SAPHIRA APD can be repaired with a bake out, ideally the initial damage would best be avoided.
There is no specific order to the power-down sequence. The only requirement is that all SPI biases and power signals are brought to ground in unison. The lack of an ordered power-down sequence simplifies the temperature interlock system. The temperature interlock circuit consists of two op-amp comparator circuits. The first monitors the bias voltage across the diode and enables the interlock when the voltage exceeds 0.5 V. If the bias voltage is below 0.5 V, the interlock circuit will allow the detector to be powered up, thus allowing the system to be safely tested at room temperature on the bench.
When the bias voltage exceeds 0.5 V, the override circuit is enabled and the APD can only operate if the temperature is below 130 K. Jumpers on the front plane board allow the temperature inputs for the interlock circuit to be selected from either the temperature sensor built into the SAPHIRA APD or alternatively from the output of the Lakeshore temperature controller.
The output of the comparator circuit drives a series of FETs to power down the APD. The APD is powered down by two mechanisms. The first is triggered when the temperature exceeds 130 K by triggering the external interrupt on the DSP. The second stage pulls the biases and power to ground independently of the SDSU when the temperature exceeds 135 K.
CRYOSTAT
The design for the cryostat is based in an existing design for previous instruments built by the RSAA at ANU. The existing cryostat design has been enlarged to accommodate active and passive radiation shields as well as the additional electronics which will be housed within the cryostat. Great care has been taken to ensure that the cryostat that the detector is shielded from radiation sources within the cryostat. The primary heat source within the cryostat is the preamplifier circuit, which has been placed behind the detector and housed within its own cooled enclosure. The location of the preamplifiers behind the detector has complicated the cooling path for the focal plane, requiring the copper straps cooling the focal plane to take a long and circuitous path to the cold head.
The layout of the cryostat also allows for future expansion of the electronics contained within the cryostat. It is intended that this cryostat will form a testbed for future developments in readout electronics, and so the cryostat requires the capability to accommodate a variety of different designs for the readout chain. Accordingly, the cryostat electronics interface port will be designed to take a range of adapter plates to accommodate a variety of different electrical interfaces including potted feedthroughs and large hermetic circular connectors.
The current design for the cryostat is compact and easily transportable to ensure that the instrument can be shipped and installed at a number of different telescopes around the world. The mechanical attachment interfaces of the cryostat are adaptable to accommodate a variety of installation scenarios and a degree of adjustability has been built into the detector mount to allow for some adjustment in the optical path length. Figure 6 . The assembled cryostat. The top of the cryostat shows the two options for adapter plates for the electronics interface; one pate is for a potted flex cable and the other for a large hermetic circular connector.
CONCLUSION
This Lucky Imager system will form the basis of an invaluable test bed to evaluate and optimise the Selex SAPHIRA APD for the GMT adaptive optics programme while also providing an invaluable tool for gaining expertise and experience with this exciting and revolutionary new technology. When the development of this instrument is complete, it will significantly enhance the capabilities of the ANU 2.3 m telescope at Siding Spring Observatory.
